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Abstract
In Safaga area located on the Red Sea Coast of Egypt, catastrophic flash flooding has recently
become an unfailing event resulting in great havoc and extensive loss of life and property. Yet, most
of the floodwater goes waste as runoff to the Red Sea and this could meet part of the water demands
for a multitude of uses in this area if efficiently utilized. The present research focuses on the integra-
tion of remote sensing and GIS techniques for flash flood potentiality, mitigation, and floodwater resource
management in Safaga area. The available information included topographic, geological, LANDSAT-
5 TM and JERS-I OPS remote sensing imagery, JERS-I Synthetic Aperture Radar (SAR), and the-
matic rainfall and soil data. A comprehensive hydrological database was developed including the flood-
plain Digital Elevation Model (DEM), geologic and structural maps, spatial hydrologic datasets, and the
most specific terrain parameters that have a direct impact on the flash flood creation. Special atten-
tion was devoted to optimal selection of the input data and processing parameters to properly extract
the most accurate terrain information.
Decision rules were applied to the integrated information in a GIS environment. Flood risk-prone
areas were mapped, suitable sites for building dams were demarcated, and highly probable sites for
recharging water were located. Structural and non - structural mitigative measures were proposed that
could modify the damage susceptibility and alleviate the vulnerability of the flash flood and optimally
utilize its water resource on sound scientific bases. Further, several rainfall- runoff analysis and dis-
charge forecasting as well as flash flood inundation mapping techniques were performed to fully assess
the flood potential.
Results showed good agreement with the flood hazard reports in the study area that establishes the
validity of the proposed methodology for mitigating future extreme flood occurrences. This study would
provide the managers and decision makers in Safaga and its neighboring areas on the Red Sea Coast of
Egypt with highly accurate, up-to-date digital information and a permanent database that could provide
quick and cost effective solutions for assessment and mitigation of the future flash flood events and for
optimal utilization of the floodwater resources for sustainable development in these areas.
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1. Introduction
Egypt is one among several arid and semi - arid
countries that faces the flash flood and water scarcity
hazards. It is beginning to outstrip available water sup-
ply due to its increasing population, coupled with lim-
ited water resources and attendant increases in need for
water. There is an urgent need to secure and utilize
new supplies of water in order to sustain a minimum
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resource base. Yet, catastrophic flash flooding has
recently become very common in the Red Sea areas,
particularly where storms hit large settlements. In these
areas, flood protection cannot be provided resulting in
great damage to life and property. Such floodwater can
be an important renewal source of water if properly
managed to meet a part of the water demand for a mul-
titude of uses in these areas.
The development of an effective flash flood poten-
tial, mitigation, and efficient utilization of the renew-
able sources of floodwater in such areas become, as a
consequence, more and more acute and pressing.
Several efforts are needed to avert the expected crisis
and a holistic perspective should be taken and integrated
solutions sought for a preventive and curative plan to
avoid potential conflicts that might arise because of
these water-related extreme events that could help bet-
ter disaster management and control. Such a perspec-
tive includes a multitude of tasks and responsibilities,
such as mitigation, preparedness, and reconstruction.
This can be met if new technologies, analytical tools
and hydrological modeling approaches are rapidly
assimilated into the understanding and management of
such natural hazards.
Rapid advances in computer, remote sensing, GIS,
and the spatial data management coupled with the
increasing availability of digital geographic information,
offer an unprecedented opportunity to harness the poten-
tial of such technology integration for computer model-
ing of the environment to improve our understanding
and management of mountain regions (Burrough, 1986;
McCullagh, 1988; Moore et aL., 1991). Such integra-
tion can provide the appropriate platform for hydrolog-
ical modeling and integrated analysis of diverse data
sets for decision making in flash flood risk assessment
and water resource management and planning.
The prime objective of this work is to build a com-
prehensive hydrological digital database and to develop
and validate methodologies allowing accurate modeling
and analyzing the landscape hydrologic characteristics
that could serve flash flood potential, mitigation, and
optimal utilization of the floodwater in Safaga area.
Several techniques are applied for the generation of the
floodplain Digital Elevation Model (DEM), geologic
and structural mapping, and hydrologic analysis of the
derived terrain information using hydrologic database in
a GIS environment.
In the next sections, the study area is introduced
and the methods for the floodplain height model gener-
ation are described. The geological and structural map-
ping performed is presented. The hydrological model-
ing techniques applied are explained. Results obtained
are evaluated and conclusions are drawn.
2. STUDY AREA
The study area covers about 1118 km 2 and is situ-
ated in the northern part of the Central Eastern Desert
of Egypt (Fig. 1). It represents the strip of the Red Sea
Coastal Plain of Egypt extending from Ras Abu Soma
bay in the north to Wadi Nuqara in the south as well
as the mountainous area till Nile River-Red Sea water-
divide to the west. The Red Sea Coastal Highway runs
parallel to the Red Sea, while the Safaga -Qena Highway
(160 Km) dissects the study area running west from
Safaga City on the Red Sea Coast to Qena on the River
Nile.
The study area comprises essentially of a rugged
mountainous terrain comprising mainly of Precambrian
basement rocks including Older Granites, metagabbro
complex, metavolcanics, Dokhan Volcanics, Young
Gabbros, Younger Granites, post granite dyke suites, as
well as Mesozoic Cretaceous sediments and the
Cenozoic Tertiary and Quaternary deposits (Egyptian
Geological Survey and Mining Authority, 1987 and
Masoud, 1997). These ranges are intensely dissected by
numerous dry valleys (wadis) initiating from the ranges
country and running eastwardly to the Red Sea. El-
Barud watershed, named after Wadi El- Barud, repre-
sents the largest basin in the area. The slope is mostly
steep in the upper reaches of the drainage network and
tends to be gentle to the east. The highest elevations
reach 1446 m (Gabal Ras Barud) and the River Nile -
Red Sea waterdivide runs over the high peaks of the
mountain ranges.
The area is occasionally subject to heavy rainfall
during the winter season from November to January,
followed by sporadic torrential floods resulting in great
havoc and excessive loss of life and property in the set-
tled urban areas and on the road network. Flash floods
originating from El- Barud watershed are by far the most
destructi ve phenomena in the study area that relies
greatly on the hydrologic response and the characteris-
tics of the watershed.
3. DATA USED
A prerequisite to successfully achieve the objective
is the base data upon which most of the GIS function-
alities could be built. Unfortunately, there is a lack of
such data, except for topographic contour maps of scale
1:50,000 (Egyptian General Survey Authority, 1989), a
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Fig J Location Illap and topographic Illap of the study area (Modified after Egyptian General Survey Authority, 1996).
geological map of scale I: 100,000 (Egyptian Geological
Survey and Mining Authority, 1987), and a geological
map prepared by Masoud (1997). Tn addition to these
data, a set of remote sensing imagery data as well as
rainfall and soil data covering the study area have been
utilized including:
1- The multispectral LANDSAT-5 Thematic Mapper
(TM) data acquired on 14 June 2000, spatially
resampled from two adjacent scenes (Path 174, Row
041 -042) through cubic convolution to 28.S m pixel
size.
2- The Japanese Earth Resources Satellite-I (JERS-I),
Optical Sensor (OPS) satellite data acquired on 22
March 1996 (Path: 254, Row: 256) with a spatial
resolution of 18 m pixel size and spectral range from
visible green, red to near-TR, and Synthetic Aperture
Radar (JERS-I SAR) microwave data.
3 - Rainfall datasets have been extracted from the
Global rainfall database of I Degree Daily coverage
(GPCP,2003). Soil properties and its spatial distri-
bution are extracted from the Soil Map of the World
(Global Soil Data Task, 2000). The data are given
in an equal-angle lat/long grid that has a spatial res-
olution of I x I degree Jat/long.
4. METHODOLOGY
The methodology adopted in the present study is
simplified and presented schematically in Fig. 2 and
described in the following sections.
5. DEM GENERATION
The study area height model is generated at 28.5
m spacing integrating height information depicted on the
inter-contour areas of I :50,000 scanned topographic
maps covering the study area using Horizon2000
(Shiono et al., 200 I) and from the InSAR processing of
different L-band repeat-passes JERS-I SAR data sets
utilizing GAMMA SAR interferometry processing sys-
tem (Werner et al., 2000).
5.1. DEM generation from topographic maps
Terrain elevation observations are derived from
four scanned topographic sheet maps of scale 1:50,000
(Egyptian General Survey Authority, 1989) covering the
study area. Each scanned map is subsequently edited
to retain its continuous contour lines and their inter-
contour areas. Horizon2000 algorithm (Shiono et al.,
200 I), a FORTRAN program revised from BASTC pro-
gram (Shiono et al., 1987), is used to build the DEM.
The algorithm is based on penalized least square approx-
imation through iteration using an exterior penalty func-
tion method (Zangwill, 1967) that works on the height
information constrained in the inter-contour areas
(Noumi et al., 1999). Horizon algorithm has been
applied to the scanned topographic maps and a 28.5 m
DEM is generated. Further information on how OEM
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Fig. 2 Diagram showing the
methodology and work-
flow of the present study.
is generated for Safaga area using Horizon2000 is
described in detail in Masoud et ai., 2002a&b. The final
DEM reasonably approximated the source height data
and proved efficiency to simulate the original topo-
graphic map with a root mean square Error of 2.8 m.
5.2. DEM generation from SAR Interferometry
Repeat- pass Synthetic Aperture Radar
Interferometry (InSAR) is also used to generate the
DEM. The whole chain of InSAR processing includes
the selection of appropriate input data with minimal
temporal and suitable spatial separation, single-look
com plex (SLC) generation, image co - registration, in ter-
ferogram generation, coherence estimation, phase
unwrapping, phase to height conversion, geocoding, and
height model validation. Details related to the technique
of InSAR processing can be found in Gens and Van
Genderen (1996).
The basic requirements for InSAR are terrain of
sufficient and stable backscatter, without or only with
very slow changes, in the order of L-band wavelength
between two passes incase of JERS -I SAR, si m ilar
atmospheric conditions during the acquisitions, stable
viewing geometry with suitable baseline, preservation of
inherent phase information within the SAR processor.
Various aspects to achieve the accuracy and the
quality desired for the interferometric products have
been considered such as optimal data selection and pro-
cessing parameters in terms of performance, accuracy
and time. Constraints such as coherence, phase unwrap-
ping, and baseline are all balanced optimally.
Based on these constraint conditions, three differ-
ent datasets are selected with minimal temporal decore-
lation and suitable baseline lengths.
SAR processing is carried out on the three differ-
ent JERS -I raw data using the commercially avai lable
software package GAMMA SAR processing system
(Werner et ai., 2000). Flow chart showing the GAMMA
SAR processing chain for the production of an inter-
ferometric DEM is shown in Fig. 3. In the first stage
of processing, each raw data scene is converted into an
SLC (single-look complex image). In the second stage,
these SLC's are aligned and their relative phase differ-
ences are calculated at each pixel to produce an inter-
ferogram. Three interferograms are generated coupling
the three processed datasets. In the Phase Unwrapping
and Height map generation stage, the relative phase dif-
ferences are summed across the scene to compute over-
all differences. Because the satellite positions are at
different angles to the surface, these phase differences
will be translated into elevation differences and finally
to heigh t model.
The resulting height models are then georeferenced
above the Helmert 1906 ellipsoid and Old Egyptian
1907 datum, zone 36 and have been validated using their
corresponding height information of the ground control
points utilized to precisely estimate their baseline as
well as the reference Horizon DEM (Table I). Results
showed that the height estimation accuracy accom-
plished from such pairs are largely dependent on the
baseline and the estimates are good enough for the first
two pairs while for the third pair, although the tempo-
ral decorrelation is minimum with 44-day return period
large baseline length (1050.81 m) hindered accurate
height deri vation for the terrain. The histogram show-
ing the height difference of InSAR DEMs is shown on
Fig. 4. Visual interpretation included comparisons of
terrain profiles across the two DEMs consistent with the
reference DEM. The profiles showed quite good cor-
respondence particularly where the rate of change in
local relief is relatively low; with large height estimates
deviations are confined to the steep slope areas away
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Raw
data
Sensor parameters
Antenna gain
Processing
parameters
Image Registration
Initial offset estimation
Precise offset polynomial estimation
SAR to UTM using
backward and forward
methodologies
Range Doppler processing sequence
Range compression
Autofocusing
Azimuth compression
Single Look Complex (SLC)
Multi-look Intensity (M LI)
Interferogram generation
Calculation of normalized interferogram
Flat earth phase removal (flattening)
Coherence estimation
Adaptive filtering
Phase unwrapping
Minimum cost flow (MCF)
Height map generation
Refined baseline modeling using ground control points
Computation of heights and true ground ranges.
Transformation to orthonormal coordinates 1
Table I
Fig. 3 GAMMA SAR processing chain for interferometric DEM generation.
Baseline characteristics of the three processed interferomtric pairs and their DEM evaluation.
Interferogram Pair 94-01/96-04 94-01/96-06 96-04/96-06
Orbital baseline length (m) 495.50 757.63 1134.21
GCP-based baseline length (m) 334.18 728.98 1050.81
GCPs 32 35 73
GCP-based RMSE (m) 9.060 9.40 26.19
Horizon OEM-based RMSE (m) 1] .96 ]2.20 34.6
- 94-01/96-04 OEM
- 94-01/96-06 OEM
- 96-04/96-06 OEM
- 94-01/96-06 & 94-01/96-04
Coherence weighted OEM
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from SAR where coherence is evidently low.
In order to merge the merits of the validated InSAR
DEMs, areas with highest accuracy height estimates are
preserved and used to build a DEM with enhanced accu-
racy. A simple coherence weighted average technique
is developed and applied, the mathematical expression
of which is written as follows:
produce a final DEM (Fig. 5). The horizon DEM is
used to verify the InSAR final DEM in areas of larger
height errors and is expected to increase the vertical
accuracy of the final DEM.
6. GEOLOGICAL AND STRUCTURAL MAPPI G
zero.
The coherence weighted InSAR DEM contribution
was especiaJly evident in the valley floors and in mod-
erate relief areas with good coherence and hence highly
accurate height estimates with RMSE of 8.64 m is
achieved. The merits of both the reference horizon
DEM and the final lnSAR DEM are then combined to
DEM; stands for height models obtained from dif-
ferent image pairs. DEMs are weighted (Wi) with coher-
ence, i.e. the model with higher coherence will have a
stronger contribution to the final DEM. If the coher-
ence of one model is zero, the other DEM height val-
ues will be selected and the algorithm average the height
va Iues of the two D EM s if both D EM coherences are
DEM( ) Li Wi (x, y) DEM;(x,y)f x,y =
Li Wi(X,y)
1446 1000 723 500
(1)
The geological and structural map of the study area
has been produced integrating digital image processing
for LANDSAT-5 TM and JERS-I imagery data and
field investigations. The proposed methodology is out-
lined in Fig. 6.
Field work has been carried out in December 200 I
and January 2002 to investigate the distribution of the
different lithologic units, their interrelationships, and
the structural patterns dominant in the study area.
Available geological maps produced by Masoud (1997)
and the Egyptian Geological Survey and Mining
Authority (1987) have been used as source base data for
accomplishing this task. Further, several enhancement,
data fusion, and classification techniques on LAND-
SAT-5 TM and JERS-l optical sensor imagery have
been applied to infer the geological and structural attrib-
utes of the area under consideration. Data processing.
Fig. 5 Shaded relief Illap of the final DEM integrated frolll Horizon and InSAR OEMs.
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Fig. 6 Methodology and data
processing.
classification algorithms, and evaluation techniques
have been performed within GRASS GIS (GRASS
Development Team, 2003).
The acquired LANDSAT-5 TM and JERS-l OPS
data are georeferenced to UTM map coordinates, zone
36, Heimert 1906 ellipsoid and the Old Egyptian 1907
datum based ground control points (GCP) extracted
from radar intensity images generated utilizing SAR
interferometry techniques. A sub-scene covering the
area of interest has been selected for further processing
and classification of the geologic and structural-related
features.
Several image processing techniques have been
applied for the TM and JERS -1 bands of the sub - scene
including statistical analysis, spectral enhancement
(color composites, principal component analysis, and
spatial filtering), data fusion, and image classification.
Two supervised classification techniques, maxi-
mum likelihood classifier and a sequential maximum a
posteriori (SMAP) implemented in GRASS GIS, are
applied to extrapolate the detected spectral features into
a geological map. Training classes derived from the
available geological maps, field investigations, and from
the processed data are used to train the classification
program to recognize spectrally similar areas for each
class.
The two classification procedures are applied for
the color composites and the PCA generated from the
original TM data, the filtered data, and the fusion -esti-
mated data. Applying these techniques, 12 rock vari-
eties have been identified and classified. The accuracy
of the classification has been evaluated using the Kappa
Coefficient technique (Congalton, 1991) and shown on
Table 2. The geologic map produced from SMAP tech-
nique has proved promising and has been rechecked
through ground truthing and the contacts of the geologic
units are verified. In addition to the classified litho-
logic maps, the structural patterns are easily derived
from such enhanced and fused products. A final geo-
logical map with the detected structural attributes and
the tectonic implications of different rock units is shown
on Fig. 7.
7. FLASH FLOOD POTENTIAL, MITIGATION, AND
FLOODWATER RESOURCE MANAGEMENT
DEM has been analyzed to delineate the watershed
boundary and its stream networks as well as the most
important hydrologic parameters that have a direct
impact on the flash flood creation. These data as well
as the geological and structural map have been inte-
grated with the soil data and the rainfall records to eval-
uate the flood potentiality allowing mitigation measures
to be proposed and for investigating the suitability for
efficient utilization of the floodwater. Further, rainfall-
runoff analysis and physically based distributed hydro-
logical modeling approaches have been applied that
could be used as predictive tools for flash flood occur-
rences.
7.1. Watershed and stream modeling
A watershed basin analysis algorithm, r. watershed,
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Table 2 Classification accuracy of the detected classes from the original, filtered and the fused CC and PCA data.
% Coverage and Classifier Coverage Maximum Likelihood classifier SMAP Classifier
used %
CC Filtered Filtered TM CC Filtered CC Filtered TM~ and CCand and JERS_1 and and PCA and JERS_1PCA PCA fused PCA fusedClasses
Red Sea 4.76 0.980 0.980 0.987 0.982 0.982 0.988
Quaternary deposits 30.62 0.665 0.681 0.699 0.704 0.701 0.718
Tertiary deposits 0.94 0.596 0.594 0.692 0.748 0.752 0.789
Cretaceous deposits 0.25 0.465 0.420 0.571 0.563 0.511 0.672
Younger Granite G2.2 2.10 0.551 0.632 0.707 0.719 0.726 0.779
Younger Granite G2.1 3.43 0.509 0.548 0.706 0.718 0.677 0.823
Younger Granite G1.2 14.45 0.312 0.331 0.482 0.548 0.497 0.615
Younger Granite G1.1 4.69 0.700 0.803 0.826 0.860 0.889 0.898
Young Gabbros 0.39 0.551 0.570 0.659 0.766 0.698 0.771
Acidic Dokhan Volcanics 3.63 0.692 0.690 0.727 0.757 0.717 0.764
intermediate Dokhan Volcanics 2.26 0.477 0.555 0.585 0.556 0.637 0.660
Older Granites 33.89 0.254 0.337 0.421 0.456 0.485 0.552
Metagabbro 2.78 0.663 0.705 0.754 0.765 0.759 0.808
Total Kappa 0.488 0.536 0.606 0.633 0.632 0.690
% Correct 56.27 60.78 67.04 69.38 69.44 74.42
implemented in GRASS GIS (GRASS Development
Team, 2003) and Strahler stream ordering algorithm
(Strahler, 1952) implemented in TauDEM (Tarboton,
2002) have been appraised to delineate the watershed
boundary and its stream channel networks processing
the integrated DEM. Applying this program to the
DEM, watershed and its topographic hydrologic prop-
erties were delineated and many key products such as
flow accumulation, flow direction, slope length, and
slope steepness maps were generated. The extracted
streams of different orders in EI - Barud watershed and
its delineated boundary are shown overlaying the
LANDSAT-5 TM enhanced data that provided a good
matching and corresponding to the boundary and the
stream networks locations (Fig. 8).
7.2. EI- Barud geomorphologic and morphometric
characteristics
It is generally accepted that runoff resulting from
rainfall is dictated by compositional characteristics of
the drainage basin that can be described by empirical
laws of geomorphology (Horton, 1945; Strahler, 1957;
Smart, 1972), at least in the shape of the hydrologic
response. Geomorphologic and morphometric charac-
teristics (such as total drainage segment number, total
network length, network frequency, and density, etc.)
and drainage basin characteristics (basin area, slope,
perimeter, roughness, elongation, relief ratio, rugged-
ness number, shape index aspect, circularity, etc.) are
estimated from the DEM in GRASS GIS for El- Barud
watershed and shown on Table 3. All basin character-
istics except for basin relief ratio were calculated as
reported in Harvey and Eash (1996), using GRASS GIS.
Basin relief ratio was calculated using methods outlined
in Fitzpatrick et at. (1998) and Schumm (1956).
EI - Barud watershed showed a high drainage den-
sity with high bifurcation ratio and frequency indicat-
ing the potential of the basin for runoff and high flash
floods response. The dendritic (tree-like) stream pat-
tern facilitates more rapid concentration of runoff at or
near the watershed's ou tlet; this increases the likelihood
of downstream flooding.
All of the physiographic characteristics of the basin
support the potentiality of the basin for flash floods and
the floodwater discharge. Large watershed coverage,
relief, and the shape attributes indicate low infiltration
rate, large runoff volumes, short overland flow, and high
risk of flash flood.
7.3. Wetness Index and artificial well recharging
Wetness index (WI) has proved to be very useful
in calculating runoff hydrographs for upland catchments
(Beven and Kirkby, 1979; 0' Loughlin, 1981; Moore et
at., 1991; Wolock, 1993). Wetness Index sets catch-
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Table 3 Morphometric and geomorphologic characteristics of El-Barud watershed and its stream network.
Stream No. of Length Area Cov. Drainage Stream Horton's ratios
Order Streams of streams km2 density frequency
(km) (km/km 2) 7 RB RL RA(l/km-)
<.) 1 1631 666.85 15.73 1.35 3.32 2.63 1.72 1.72
.;::
til 2 619 386.06 9.11 0.78 1.26 3.99 1.54 1.53~ ...~E v 3 155 250.89 5.92 0.51 0.31 5.53 2.21 2.210 E
..c:
0- ro 4 28 113.31 2.67 0.23 0.057 3.5 3.25 3.26...
... ro0 0- 5 8 34.68 0.81 0.07 0.016 4 0.7 0.7~
6 2 48.85 1.15 0.09 0.004 2 3.42 3.47
7 1 14.06 0.33 0.02 0.002
Total 2444 1514.73 35.75 3.08 4.97 3.6 2.14 2.14
Watershed Parameter Value Watershed Parameter Value
Area (kmL ) 491.74 Main channel slope (0) 12
<.)
'So Perimeter (km) 185.76 Shape factor 1.89
o til
Watershed length km)- ... 40.28 Form factor 0.168o v
..c: Q)
Watershed width km) 21.25 Circularity ratio 0.18E--E
o ro Watershed relief m) 1440 Elongation ratio 0.62E ~
o 0- Watershed relief ratio 0.035 Compactness coefficient 2.36v
0 Main channel length (km) 54.966 Ruggedness number 4.43
Watershed slope m/m) 0.0166
ment area in relation to the slope gradient. This is basi-
cally expressed as:
Where As is the area drained per unit contou I' or
the specific area, and tan (8) is the slope. Regions of
the landscape that drain large upstream areas or that are
very flat give rise to high values of the index; thus areas
with the highest values are most likely to become sat-
urated during a rain event and thus are most likely to
be areas that contribute surface runoff to the stream.
The watershed wetness index is calculated for the water-
shed using r. topidx module in GRASS GIS. During
field investigations conducted in November 1994 and
December 2000 and January 2001, three productive
wells were recorded and are in use by local Bedouin
tribes for watering camels, goats and for human use.
The well sites are analyzed with the wetness index map
generated from DEM and it was concluded that these
sites have a WI of 18. Based on this, all sites greater
than this reference value are identified and located.
Ninety - nine sites have been extracted and integrated
with the basin geology and the structural attributes
within GIS environment to demarcate sites with high
probability for recharging wells. Sites that are located
WI=ln(~))tan (() (2)
within the alluvial and wadi deposits and 300 m near to
dyke structures are proposed to have high potentiality
for the subsurface storage of the floodwater. Fifty-four
sites met these conditions and reclassified according to
their WI from 1 to 10 ranks. Fig. 9 shows the demar-
cated ites and their corresponding probability for
recharging well. Such a technique can help in exploita-
tion of floodwater for recharging near-surface aquifers
in arid terrains and other neighboring areas in the Red
Sea hydrographic basin that can in turn make resources
available as sustainable water management at the water-
shed level.
7.4. Flash flood potential and mitigation
A land use map with the residential areas and roads
located within the area under investigations is digitized
in a raster format from the remotely - sensed enhanced
data. Road network is classified into three categories,
Safaga-Qena highway, Red Sea Coastal highway, and
the city infrastructure roads. The analysis of such Jan-
duse maps with the derived hydrological products as
well as field investigations in the flood plain under con-
cern, showed that about 7 km 2 residential areas located
at the watershed outlet are prone to flash flooe! risks
(Fig. 10). Numerous physical injuries are possible, and
pub I ic infrastructure and private property may be e!am-
A. A. MASOUD
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aged with inundation. In addition, 47.3 km of the road
network including 38 km (Qena-Safaga highway), 8.3
km (city roads), and I km of the Red Sea Coastal high-
way are located within the watershed and are vulnera-
ble to flash flood risks that may be washed-out in
floods.
Further field investigations indicated that expand-
ing urbanization at the watershed outlet is among the
major contributing factors to the flood vulnerability.
This is because impervious surfaces such as roofs and
roadways compact the soil and reduces infiltration rates.
Also, the ground floors at the outlet are gently sloped,
poorly drained, not elevated more than about I meter
above ground level, and the buildings are not properly
anchored to their foundation that can be washed-out and
swept away during flooding. Furthermore, major dis-
ruptions of the road network are activated by the
absence of suitable bridges and culverts where the main
streams meet these roads. The properties therefore pro-
vide little attenuation of the rainfall amount or little
retardation of the travel of the flood volume toward the
low -lying areas.
To assess flash flood risk at roadway crossings in
the study area, an approach has been adopted, that is
based on the flow accumulation at the stream-roadway
crossings since the intersections represent risks at routes
of evacuation and support development design and
emergency response decision -making. Flash flood
potential on the road networks are assessed using the
flow accumulation map previously generated from
hydrological analysis of the DEM. The road sites that
receive higher water accumulation will have a higher
probability for washing out through the flood. The flow
accumulation values along the roads are classified from
I to 10 probability ranks, with the highest risk zones
designated as 10. Based on this scale, two hazardous
zones are classified, namely, slightly hazardous zones
and highly hazardous zones. Fig. II shows the flood
hazard probability spatial distribution for the road net-
work and their hazardous zones. The resulting model
showed that the highly vulnerable at-risk sites along the
roads with a probability of 10 are those located at Kill
10 from Safaga city and those at the mouth of the main
wadi within the city. This was reported in Raafat Masak
(1991) who stated that flash floods have swept away
blocks from the Safaga -Qena highway at Km 10 frolll
Safaga City and which interrupted the traffic along the
road to Qena. Also, the highly hazardous zones iden-
tified are comparable with the results reported in
Ashmawy (1994). These resul ts establ ish the val idi ty
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of the flow accumulation information for zoning the
hazardous road sectors within the floodplain.
Based on the findings revealed from flash flood
risk zone maps, preventive structural and non-structural
measures should be considered to help modify suscep-
tibility to flood damage or the impact of flooding.
Structural measures include constructing dams and
reservoirs, ditches, and culverts and non-structural
measures involve zoning, i.e. regulation for flood haz-
ard areas development leaving floodplains with low-
value infrastructure. Constructing dams and reservoirs
where the excess water can be stored allows a regulated
temporal distribution of stream flow and helps alleviate
the flood problem by flattening flood peaks.
Site suitability for building dams on the main wadis
and the active tributaries are investigated through
demarcating locations where stream channels meet the
roads that have a high runoff and are proposed to have
a high priority for building dams. Further, sites just
behind the proposed artificial wells located within the
alluvial deposits with a width of about 35 m are selected
as sites for dam building. Such decision rules may serve
the double goal of reducing the flash flood risks as well
as storing and regulating water for domestic uses. Fig.
12 shows the proposed dam sites in EI-Barud Basin.
Structural measures for alleviating the flood risks
along the road sectors could include constructing artifi-
cial channels (ditches), in particular, at narrow steep
slope sites, building diversion canals at the areas of
crossing of main courses with road network, as well as
large enough culverts near the mouths of the main wadis
at the coastal plain.
on structural measures related to planning and
hazard mitigation include zoning flood prone areas as
at-risk zones, prohibiting new settlements, and devel-
oping appropriate standards for acquiring or elevating
structures in the most flood prone areas. Further, imple-
menting a variety of flood control policies to all new
construction to prevent flotation, collapse, or lateral
movement of the structure during flooding.
Furthermore, developing a screening process for hazards
prior to development in floodplains, and implementing
and encouragi ng ., best management practices" related to
flash flood management to lessen its problems.
7.5. Rainfall- runoff analysis
Major factors that affect the runoff volume and
associated peak discharge are the rainfall duration and
intensity, soil types in the watershed, and the time of
concentration (Haan et ai., 1982; Chow et ai., 1988).
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Several techniques have been available for the esti-
mation of runoff volume and peak discharge ranging
from simplified procedures for homogenous areas, to
complicated algorithms that can handle more complex
situations. The simple synthetic unit hydrograph meth-
ods utilizing the Snyder's (Snyder, 1938) and the SCS
triangular unit hydrograph method (U.S. Soil
Conservation Service (SCS), 1972) as well as the SCS
curve number technique (USDA -SCS, 1985) have been
appraised and adopted to calculate runoff characteristics
at the EI-Barud watershed outlet increasing the cost of
the flash flood vulnerability. Such a technique repre-
sents a substantial first step and framework from which
to build an effective flash flood prediction tool.
The rainfall-runoff characteristics for EI- Barud
watershed applying these techniques are shown on Table
4. Peak discharges from the applied techniques are in
harmony giving an average of 46 m3/s and 20 hour for
time to peak. This is a substantial rate of runoff that
could be an important renewal source of water for a sev-
eral domestic uses. It would also be sufficient for an
effective in-time warning and evacuation system to be
set up in the Safaga area. EI- Barud Unit hydrographs
applying Snyder's and the SCS triangular techniques are
shown in Fig. 13. With these unit hydrographs, there
is a possibility to examine the basin response to vari-
ous storm events. Once actual field data is collected
for storm events, calibration of this model can take
place. Subsequently, a representative model of the
watershed can be built. From that point, further analy-
sis of the watershed can proceed with better predictive
capabi Iities.
7.7. Flash flood inundation modeling
In order to simulate the flood event and to map the
areas that were inundated during flash flooding on
Safaga city, an integrated physically - based hydrologic
model consisting of various hydrological components
and governing equations for flow propagation (Dutta et
al., 2000a & b) have been adopted and applied in the
study area using rainfall records for the period 5 - 28
October 1997. This period is selected based on a report
published by Shohami (1997). This modeling technique
has been applied to many river basins in Japan and
proved efficient in basin scale flood simulation. Field
investigations and interviews with the Safagan people
proved that the water level reached about 4 min some
parts of the city.
The model hydrological components are a) inter-
ception and evaporation, temporal rainfall data and spa-
tial landcover distribution, b) river flow, temporal
upstream and down stream boundary conditions with
water level and discharge information, and spatial river
network, channel cross-section, and roughness factors,
c) overland flow that requires DEM and the surface
roughness coefficient, and d) unsaturated subsurface
zone, spatial soil types and hydrologic properties with
the initial soil moisture parameters.
Comprehensive digital datasets have been prepared
including spatial, temporal and other parameter data.
The spatial data included DEM, soil distribution and its
hydraulic characteristics, landuse map, river network
and flow accumulation map. Soil properties and its spa-
tial distribution are extracted from the Soil Map of the
World (Global Soil Data Task, 2000). Landuse data, in
particular, the residential area are extracted from the
enhanced remotely sensed fused LANDSAT -5 TM with
JERS - lOPS data. Stream channel networks and flow
accumulation maps are derived from the hydrological
analysis of DEM. Rainfall datasets have been extracted
from the Global rainfall database of J Degree Daily cov-
erage (GPCP, 2003). River width is measured applying
a formula of the downstream hydraulic relationships
developed by Leopold and Maddock (1993). The chan-
nel distribution and their numbers are shown in Fig. 14.
Applying the model to the data, the whole area
inundated by the flash flood water is about 3.903 km 2
from which the residential areas cover 3.2877 km 2• Fig.
14 shows the flood-inundated residential areas with
water level contoured at 0.5 m interval over the
enhanced remotely sensed image as well as the stream
channels and its codes used in the model. Table 5
shows the flash flood inundated residential areas and
their corresponding water level.
Table 4 EI-Barud watershed rainfall-runoff characteristics.
Parameter Time to Peak (hI') Peak Discharge, QIJ (m3/s.cm)
Snyder's UH 22.82 50.28
SCS UH 22.82 43.08
SCS eN 17.80 44.70
Average 20.31 46.02
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8. CONCLUSIONS
The research as discussed in this paper, is a strat-
egy of methods for evaluating arid-land flash flood
potential, mitigation, and floodwater resource manage-
ment as well as a rainfall-runoff simulation model that
is efficient for arid land storm runoff management.
Integration of remote sensing and GIS provided the
appropriate platform for hydrological modeling and
analysis of diverse data sets for potent decision-mak-
ing. The results of this work could provide the Safaga
area's water resource managers and decision makers
with highly accurate, up-to-date digital information and
a spatial database. This database is easy to reproduce
in various scales, easy to store, retrieve, and update in
a GIS system environment and thereby eliminating the
need to recreate it for future sustainable development in
the area. It can be used for future projects speedily and
cost-effectively and which will provide solutions for
assessment and mitigations of the extreme water-related
events. Also, the measures proposed could help mod-
ify susceptibility to flood damage and utilize the flood-
water based on sound recent scientific bases. According
to the information we have, this is the first comprehen-
sive study that has been done in Safaga and neighbor-
ing areas. It is extremely important to apply these
advanced water-related risk techniques in this harsh,
fragile and arid region to evaluate water-related
extreme events.
The obtained results from the proposed strategy of
methods are encouraging and provide good reference for
future research. More experiments and tests might be
done to achieve fully operational outcomes. Therefore,
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Fig. 14 The inundated residential areas with 0.5 water level interval.
Table 5 Flash flood inundated residential areas and
their corresponding water level.
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